We present a study of the statistical flare rates of M dwarfs (dMs) with close white dwarf (WD) companions (WD+dM; typical separations < 1 au). Our previous analysis demonstrated that dMs with close WD companions are more magnetically active than their field counterparts. One likely implication of having a close binary companion is increased stellar rotation through disk-disruption, tidal effects, and/or angular momentum exchange; increased stellar rotation has long been associated with an increase in stellar activity. Previous studies show a strong correlation between dMs that are magnetically active (showing Hα in emission) and the frequency of stellar flare rates. We examine the difference between the flare rates observed in close WD+dM binary systems and field dMs. Our sample consists of a subset of 181 close WD+dM pairs from Morgan et al. (2012) observed in the Sloan Digital Sky Survey Stripe 82, where we obtain multi-epoch observations in the Sloan ugriz-bands. We find an increase in the overall flaring fraction in the close WD+dM pairs (0.09±0.03%) compared to the field dMs (0.0108±0.0007%; Kowalski et al. 2009 ) and a lower flaring fraction for active WD+dMs (0.05±0.03%) compared to active dMs (0.28±0.05%; Kowalski et al. 2009 ). We discuss how our results constrain both the single and binary dM flare rates. Our results also constrain dM multiplicity, our knowledge of the Galactic transient background, and may be important for the habitability of attending planets around dMs with close companions.
INTRODUCTION
Despite M dwarfs (dMs) being upwards of four orders of magnitude less luminous than the Sun , they are capable of producing flares with 100-1000 times more energy than the largest Solar flares (Hilton 2011) . In dMs, these flares manifest themselves as an increase in optical and ultraviolet (UV) continuum emission equivalent to a 10,000 K blackbody (Hawley & Pettersen 1991; Kowalski et al. 2014) . The flares are thought to occur during magnetic reconnection events, which inject magnetic energy into the atmosphere of the dM and can be observed in the X-ray (e.g., Osten et al. 2010) , UV (Robinson et al. 2005; Hawley et al. 2007 ), Optical (Kowalski et al. 2009; Walkowicz et al. 2011) , Infrared (Schmidt et al. 2012) , and Radio (Stepanov et al. 2001; Osten & Bastian 2008) . The flare morphology has been categorized into two primary phases: 1) the impulsive phase, characterized by a quick increase in continuum emission within a few minutes or less (e.g., Hawley & Pettersen 1991; Eason et al. 1992; Kowalski et al. 2010) , and 2) a gradual decay phase, which can last from tens of minutes to a few hours (Moffett 1974; Zhilyaev et al. 2007 ). The transient and stochastic nature of stellar flares have made them difficult and expensive to observe, traditionally requiring continuous timeresolved photometry of individual stars, both from the ground (Moffett 1974; Lacy et al. 1976 ) and from space (Audard et al. 2000; Güdel et al. 2003) . However, recent all-sky surveys like the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009 ) allow us to characterize the flaring properties of populations of dMs (e.g., Kowalski et al. 2009; Hilton et al. 2010 ) instead of individual systems.
It has become increasingly important to know how frequently flares occur and the amount of energy released in dM flare events, information that can be gleaned from individual systems as well as for large ensembles of low-mass stars. High energy radiation and particles from flares and associated Coronal Mass Ejections (CMEs; e.g., Aarnio et al. 2011 ) may have adverse effects on the habitability of exoplanets by altering the size and composition of atmospheres or by directly damaging DNA (e.g., Khodachenko et al. 2007; Lammer et al. 2007; Scalo et al. 2007 ). Dressing & Charbonneau (2013 used the Kepler Object of Interest (KOI) catalog to predict that every dM hosts at least one terrestrial planet with an orbital period less than 50 days, one in two dMs likely have Earth-sized planets (0.5-1.5 Earth radii), and one in seven dMs will have an Earth-sized planet in the habitable zone (HZ). Another study predicted that at least 50% of dMs likely host at least 6 terrestrial planets (Ballard & Johnson 2014 ), a finding corroborated by the recent discovery of the closest Earth-analog exoplanet (1.2 Earth radii) discovered around an dM (∼ 0.21 M ; Berta- Thompson et al. 2015) . Considering that 70% of all the stars in the Galaxy are dMs (e.g., Henry et al. 1994; Chabrier 2003; Reid et al. 2004; Winters et al. 2015) , together with the predicted frequency of habitable planets around dMs, the Transiting Exoplanet Survey Satellite (TESS; Ricker et al. 2014) will produce a statistically significant sample of nearby potentially habitable worlds. However, to properly address the habitability of these planets, it is crucial that we understand the flaring frequency, magnetic activity, and space weather environment of the host stars.
Additionally, many of the short-lived optical transients in time-domain surveys are Galactic dM flares (e.g, Becker et al. 2004; Rykoff et al. 2005; Kulkarni & Rau 2006; Rau et al. 2008; Berger et al. 2013) , and thus, contribute significant noise to the Galactic and extragalactic transient background. These transients are of particular importance for time-domain surveys such as Panoramic Survey Telescope & Rapid Response System (Pan-STARRS; Kaiser 2004 ) and the upcoming Large Synoptic Survey Telescope (LSST Science Collaborations; LSST Science Collaboration et al. 2009 ), which are interested in extragalactic transient phenomena such as Novae (normal, sub-luminous, and super-) , high-energy transients (gamma-ray bursts and X-ray flashes), as well as degenerate binary mergers (LSST Science Collaboration et al. 2009 ). M dwarf flares are much more common then these exotic transients (Berger et al. 2013 ) and can masquerade as optical transients, leading to erroneous and expensive spectroscopic follow-up. This is particularly important for LSST, where Hilton (2011) predicted that each full-frame LSST image will have an dM flare and, furthermore, 1% of all LSST frames will have an dM flare appearing as an optical transient; whereas normally, the faint dM would be below the detection threshold in quiescence.
Having a proper understanding of the cumulative number of flares as a function of both energy and time, or what is known as the Flare Frequency Distribution (FFD), is important for constraining how dM flares affect the habitability of attending planets as well as their contribution to the Galactic transient background. Progress in understanding the dM FFD began with extensive ground-based observations of eight active dM stars (over 400 hours spanning 2 years; Moffett 1974; Lacy et al. 1976) , in which late-type (M6-M9) dMs were found to flare more frequently, but at lower energies than early-type (M0-M3) dMs. This trend has been attributed to selection effects, in which low-energy flares are both more common than high-energy flares and easier to observe around less luminous, late-type dMs. Similar, but more recent, ground-based monitoring of eight dMs found that flares are also observed in inactive early-type dMs, albeit at a much lower frequency than the active dMs (Hilton 2011) . With the advent of large all-sky surveys like SDSS, these studies can be expanded to large ensembles of dMs. Kowalski et al. (2009, hereafter K09) characterized the flare properties of populations of dMs utilizing the SDSS Stripe 82 (S82) catalog, Stripe 82 a small region of sky observed multiple times by SDSS over a ten year baseline. K09 reported 271 flares across 2.5 million individual observations, estimating an dM Galactic flare rate of 1.3 flares hr −1 deg −2 (for flares ∆u ≥ 0.7 and u < 22). One parameter that is still not well constrained is the effect of binarity on dM flares, specifically, close binarity (< 100 au). M dwarf multiplicity represents a non-negligible fraction of the dM population, predicted to be anywhere from 12-27% (Janson et al. 2012 (Janson et al. , 2014 Winters et al. 2015) . A recent study showed that dMs with close stellar companions are more likely to be magnetically active (as measured by Hα) and remain active for longer than isolated field dMs (Morgan et al. 2012) . Stars in close binary systems (< 100 au) likely have short-lived disks and thus are unable to properly dissipate angular momentum through mechanisms like magnetic disk locking (e.g., Koenigl 1991; Shu et al. 1994) or accretion powered stellar winds (Korycansky & Papaloizou 1995; Papaloizou & Terquem 1997; Matt et al. 2012) , resulting in faster rotation than if they had evolved as a single star. The closest binary pairs (separations <10 au) will also undergo the effects of tidal synchronization and over time will synchronize their spin rate to their orbital motion, again, resulting in faster than normal rotation (e.g., Meibom & Mathieu 2005) . Unfortunately, building a significant sample of close binary systems with an dM component can be challenging. Equal mass binaries are difficult to distinguish from low-resolution spectroscopic observations aside from the very closest pairs (which will have radial velocity broadened spectroscopic features), and a higher mass companion will be much more luminous, obscuring the dM from view. However, white dwarf + dM (WD+dM) pairs are ideal for identifying close, unresolved binaries due to their similar luminosities and different colors. Their properties allow them to be selected from photometric catalogs with high-fidelity (84%; Rebassa-Mansergas et al. 2013 ) and can be separated into their individual components from low-resolution spectra. Thus, a sample of unresolved WD+dM pairs provides the perfect laboratory for testing how close binarity affects flaring of dMs.
We extend the study of magnetic activity around WD+dMs to include flares around close WD+dM pairs using the SDSS S82 time-domain catalog. In accordance with WD+dMs having a higher fraction of magnetic activity (as measured by Hα; Morgan et al. 2012) , we expect to find a higher fraction of flares around WD+dMs when comparing to the field dM flare study from SDSS S82 (K09). We carefully prepare a WD+dM sample from S82 to ensure it is comparable to the field dM sample. Our spectroscopic sample makes use of a subset of previous SDSS spectroscopic WD+dM samples (Morgan et al. 2012; Rebassa-Mansergas et al. 2012 that are matched to the S82 database. Of particular interest is determining the binary dM vs. isolated dM flare frequency as a function of spectral type and flare energy by using WD+dM flare rates as a proxy for binary dM flare rates. If the WD+dMs flare more frequently and at higher energies than the field dM sample, it could have important implications for the potential habitability of circumbinary exoplanets (Doyle et al. 2011; Welsh et al. 2012; Orosz et al. 2012a; Kostov et al. 2013) . Increases in magnetic activity and flaring may not be isolated to stellar binaries; preliminary evidence suggests that dMs with giant close-in planets can also cause an increase magnetic activity (seen in the X-ray; Poppenhaeger & Schmitt 2011; Poppenhaeger & Wolk 2014) . In the context of the Galactic transient background, if the WD+dM flare frequency is appreciably high, time-domain surveys may need to take into account close binary systems as they have colors similar to extragalactic sources (e.g., QSOs), rather than colors typical of field dMs.
In this paper, we use a large sample of both spectroscopic and photometric WD+dMs to extend the Morgan et al. (2012) study of magnetic activity to include flares. In Section 2, we describe the data from the SDSS and SDSS S82 as well as the spectroscopic and photometric sample selection. In Section 3, we describe our procedure for selecting flares and the properties of the flaring sample. In Section 4, we compare our flaring sample to that of the field dM sample (K09). Finally, we discuss and summarize our findings in Section 5.
DATA
This study uses data from the Sloan Digital Sky Survey (York et al. 2000; Stoughton et al. 2002; Pier et al. 2003; Ivezić et al. 2004) , a large multicolor photometric (Gunn et al. 1998; Doi et al. 2010 ) and spectroscopic (Smee et al. 2013 ) survey covering 14,000 deg 2 centered on the Northern Galactic Cap along with three supplemental imaging strips in the Southern Galactic Cap (Abazajian et al. 2009 ). The 2.5m SDSS telescope (Gunn et al. 2006) operates in drift-scan mode and observes to a depth of 22.0, 22.2, 22.2, 21.3, 20.5 magnitudes in the five filters u, g, r, i ,z, respectively. As of July, 2014, with Data Release 12 (DR12; Alam et al. 2015) , SDSS has observed ∼500 million unique photometric sources along with >4 million spectra.
Transient phenomena were not originally part of the science goals for SDSS. However, SDSS took repeat observations of a region of sky during Fall months when the Northern Galactic Cap fields were near the horizon. S82, is a small (∼275 deg 2 ) region along the celestial equator in the Southern Galaxy (−51
• < α < +60
• , −1.266
• ) with over 20 observations in each filter spanning from (Abazajian et al. 2009 ). S82 was originally designed as a testbed for probing deeper magnitudes by co-adding multiple observations, however, S82 has been used for numerous transient studies: e.g., supernova surveys (Frieman et al. 2008; Sako et al. 2008; Kostrzewa-Rutkowska et al. 2013) , quasar variability (Palanque-Delabrouille et al. 2011; Gu & Ai 2011) , stellar variability (Watkins et al. 2009; Sesar et al. 2010; Süveges et al. 2012) and flare rates in dMs (K09). In this paper, we use S82 data to understand the flare rates around close WD+dM binary pairs using a similar approach to that taken by K09.
2.1. Spectroscopic Sample Our initial sample of 1756 spectroscopic WD+dM pairs from SDSS Data Release 10, was taken from Morgan et al. (2012) . We use the same color-cut methods as described in Morgan et al. (2012) to search for additional WD+dM pairs in SDSS DR12, and we find a total of 1933 spectroscopically confirmed WD+dM pairs.
Using the procedures outlined in Morgan et al. (2012) , we adopt an iterative process for separating the WD and dM spectral components using WD models (Koester et al. 2001 ) and high signal-to-noise dM templates (Bochanski et al. 2010) . Each spectral component is fit individually; in subsequent iterations, the best fit model or template is subtracted from the original spectrum, and the fitting procedure is repeated. We repeat this process for ten iterations, or until we converge on a consistent solution for the dM and WD components. Typically our procedure converges in fewer than five iterations. Through this fitting procedure, we are able to measure the dM spectral types from the best fit dM templates and the WD spectral type (DA/DB), effective temperature (T ef f ), and surface gravity (log(g)) from the best fit WD models. Additionally, we measure the following parameters: dM magnetic activity through visual inspection of Hα emission, Hα equivalent width using a trapezoidal integration technique centered on the Hα line (refer to West et al. (2004) and Morgan et al. (2012) for more details), distances using spectroscopic parallaxes , and absolute height above the Galactic plane.
Using the radial velocity (RV) shifts in the individual dM and WD spectral components, we estimate the projected physical separations. The RVs are calculated using a crosscorrelation technique with the best fit (dM) or model (WD) as a reference rest template. All SDSS spectra are composite spectra made up of multiple exposures (at least 3 but as many as 15). The typical exposure times were roughly 900−1200s, and were often made in succession. The composite spectra, in addition to the repeat spectroscopic observations, allows for time-variability of the RV measurements in our systems. The separations are calculated assuming a Keplerian circular orbit, edge-on inclination and using measured RVs from the WD and dM spectral components (we use multi-epoch RVs when multiple SDSS spectra were available). We balance the centripetal and gravitational forces to find individual component separations from the center-of-mass of the system.
We assign a mass of 0.6 M to the WDs, which is empirically found to be the average mass of 90% of WDs in SDSS Data Release 4 (Kepler et al. 2007 ). We find a similar average WD mass of ∼0.6 M from a subset of WD+dMs from Morgan et al. (2012) that have precise WD mass measurements from WD Cooling analysis (e.g., Catalán et al. 2008) , confirming that assigning a mass of 0.6 M for WDs in WD+dM pairs is still reasonable. For dMs, we infer masses from their spectral types (Reid & Hawley 2005) .
The resulting separations are projected linear separations and are upper limits for the true separations of these systems. The values of the binary separations should not be taken absolutely, but rather, as relative to each other to help group pairs into separation bins, i.e., very close (<0.1 au), close (0.1−1 au), wide (1−100 au). For more details on calculating and measuring the aforementioned parameters, see Morgan et al. (2012) .
We search the SDSS S82 footprint for matches to our initial sample of 1933 WD+dM pairs, and find 181 pairs that overlap within the S82 footprint. We obtain the light curves (based on the Ivezić et al. (2007) calibrations of Stripe 82 photometry) for each of these objects in ugriz filters. On average, each pair has more than 40 epochs. We calculate the quiescent magnitudes in each filter for the multi-epoch S82 dataset by converting the filter magnitudes into fluxes, finding the mean value in each filter for each star, performing a 3-sigma clip, and then recalculating a mean flux value in each filter after the sigma clipping. The sigma-clipped mean magnitude is then assigned as the quiescent magnitude.
We apply similar quality cuts as prescribed in Section 2.1 of (K09), including: 1) requiring the quiescent flux of the star to be above the SDSS ugriz limiting magnitudes (22.0, 22.2, 22.2, 21.3, 20.5, respectively) ; and 2) removing objects where flags were set in the u-or g-band indicating bad photometry (SATURATED, NODEBLEND, NOPROFILE, PSFFLUX INTERP, BAD COUNTS ERROR, INTERP CENTER, DEBLEND NOPEAK, NOTCHECKED; Stoughton 2002) . No stars were removed following these quality cuts, leaving a sample of 181 spectroscopic WD+dMs with photometry for 9206 epochs from Stripe 82.
Photometric Sample
To increase our sample size of WD+dM pairs, and to ensure a statistical sample comparable to the field study (K09), which consists of both photometric and spectroscopic data from SDSS, we build a photometric sample of WD+dM. Previous studies have outlined photometric color cuts in the near ultraviolet (GALEX; Martin et al. 2005) , optical (SDSS), and infrared (e.g., 2MASS; Skrutskie et al. 2006) , which can isolate close WD+dM pairs with < 20% contamination (RebassaMansergas et al. 2014 ). However, we first used a set of color cuts in ugriz to maximize the number of objects in our initial selection of photometric candidate WD+dM pairs. For the entire DR12 spectroscopic sample, the color cuts recovered 2369 objects, 1227 were spectroscopically confirmed to be WD+dM pairs (out of 1933 WD+dMs known from previous visual inspection). The main contaminant in the WD+dM color-locus are broad-lined QSOs. If these objects are truly extragalactic sources, they should have no measurable proper motions. We require total proper motions > 1.5 times the uncertainty in proper motion. This proper motion cut is cho-sen, somewhat arbitrarily, as we found it maximized the removal of the largest number of contaminants without removing too many of the spectroscopically confirmed WD+dM pairs. More stringent proper motion cuts were found to be provide only a marginal increase in effectiveness at removing contaminants while removing, fractionally, more spectroscopically confirmed WD+dM. We suspect this is in part due to the USNO-B proper motions not being as effective for faint objects residing in color-color regime occupied by WD+dM pairs, as shown in Theissen et al. (2015) . With the above proper motion quality cut and a photometric quality cut (ugriz uncertainties < 0.1 mag), our photometrically selected candidate sample is reduced to 930 total objects and 765 spectroscopically confirmed WD+dM (out of 1166 previously known). Before the quality cuts, the color-selection recovers 63.4% of known WD+dMs with a 48.4% contamination rate (objects other than WD+dM pairs); after the quality cuts they recover 65.6% WD+dMs with only a 17.8% contamination rate.
Due to the specialized way that SDSS targeted objects spectroscopically , the distribution of objects in the spectroscopic sample may not be representative. As such, the above-quoted contamination rates for the colorcuts in the spectroscopic sample may not be perfectly reflected in the photometric sample. However, the spectroscopic selection algorithms employed by SDSS appear to preferentially select WD+dM pairs more than it would in a random selection process. It is likely that very few WD+dMs remain in the photometric sample that have not already been targeted spectroscopically.
Nevertheless, we apply the color-cuts as well as the additional quality cuts as discussed above to the entirety SDSS Stripe 82 photometric sample. The color-cuts return 184 objects, 77 of which have spectroscopic observations. From the 77 objects that have spectroscopic observations, 55 are visually confirmed as WD+dMs (32.5% contamination), consistent with the findings in the spectroscopic sample. This leaves 105 objects selected by the color-cuts that don't have spectroscopic observations. As a secondary check, we visually inspect the gri composite images to check whether the photometric candidates were visually similar in color to spectroscopically confirmed WD+dM pairs. Only 30-35% of the objects appear consistent with the spectroscopically confirmed gri composite images of WD+dMs , the rest identified as either field dMs or extragalactic sources (i.e. broad-lined QSOs). Due to the low-fidelity and small sample size of the photometric sample, we choose not to include it in our analysis and concentrate on the spectroscopic sample where we are confident we are including bonafide WD+dM pairs.
FLARE SELECTION
The purpose of this study is to compare the flare properties of field dMs and dMs with close binary companions. We use the K09 study as our comparison field dM flare sample, and follow their flare selection criteria as closely as possible. For our sample of 181 WD+dM pairs with light curves from Stripe 82, flares were identified by eye if they satisfied the following conditions:
• Each individual light curve must have >10 epochs in the u-band.
• The u-band increase must be ≥ 0.7 magnitudes over the quiescent mean. This limit is imposed to reduce false positives resulting from the "red leak," a well-known systematic effect in the SDSS u-band that can result in, at most a 0.5 magnitude increase (see Section 3.3 of Kowalski et al. 2009 for more information).
• An increase in magnitude >2σ above the quiescent mean must be seen concurrently in at least the u-and g-bands. For the u-band, this is in addition to the imposed ∆u ≥ 0.7 requirement.
• As before, we require that for all epochs the following standard photometric flags were not triggered: SATURATED, NODEBLEND, NOPROFILE, PSFFLUX INTERP, BAD COUNTS ERROR, INTERP CENTER, DEBLEND NOPEAK, NOTCHECKED (Stoughton 2002) .
Particularly important is the NODEBLEND flag, which is set when two objects were unable to be deblended and could masquerade as a flare.
• For each flaring epoch, we download archival, raw uand g-band images to look for any non-stellar related brightening (i.e., bad seeing, diffraction spikes from nearby bright stars, satellites, airplanes, etc.) that could masquerade as a flare.
We searched for flares on 181 stars in our WD+dM sample for which there were a total of 9206 concurrent epochs in both u-and g-bands (taken within 108 seconds of one another due to drift scan observing). In those 9206 epochs, we find nine flaring epochs across eight WD+dM systems (one WD+dM system flared twice). The flares in both the u-and g-bands for all eight flare stars are shown in Figure 1 . For each star, the u-and g-band light curves are shown side-by-side with each SDSS photometric measurement as a black circle and the corresponding photometric magnitude uncertainty as blue vertical error bars. In each panel, the black dotted line represents the calculated quiescent magnitude (as described in Section 2.2) and the green dashed lines represents a 2σ deviation of the mean (excluding 2σ clipped epochs). The flaring epochs are denoted by red circles and satisfy the criteria outlined above.
The top panel of Figure 1 shows the WD+dM SDSS0134+0101, where two flares are observed to be separated by ∼10 days. Typical stellar flares only last on the order of minutes to hours. As such, we treat these two events as independent flares. The notable flux increase (greater than 2σ increase in both the u-and g-bands) in SDSS2057+0106 (third panel from the bottom) is not considered a flare because it narrowly misses the > 0.7 magnitude increase requirement for the u-band. We observe similar events in other stars that narrowly miss at least one of our flare selection criteria. However, they were not included in our analysis to ensure that we could directly compare our sample to the K09 study. The red dash-dotted line in each of the left panels is the required ∆u > 0.7 flux increase to rule out a false positive by the documented "red-leak" flaw in the u-band. Flaring epochs in both the u-and g-band are highlighted with red circles. To be classified as a flare, the following requirements must be met: 1) A flux increase 2σ above the quiescent mean must be seen in both the u-and g-bands;
2) The flux increase must be greater than 0.7 magnitudes in the u-band; and 3) The candidate flaring epochs must be concurrent (separated by 108 seconds) The distribution of stars as well as the distribution of epochs as a function of spectral type are shown in Figure 2 . The black histogram is the WD+dM sample and the red dashed histogram denotes the active stars in the sample. Our sample distribution is consistent with what is expected from the dM initial mass function (e.g., Bochanski et al. 2010) , where the distribution peaks around mid spectral types (M4-M5). One of the benefits of close WD+dM binary systems is that the two components have comparable luminosities, and different temperatures, and peak at different wavelengths; they are easily separated spectroscopically and sometimes photometrically. Unfortunately, this can lead to a selection effect in which early-type (M0-M1) and latetype (≥ M7) dMs are under-represented. The higher contrast ratio between the more luminous early-type dMs and relatively cooler WDs (∼10,000K) could lead to a dearth of earlytype WD+dMs . Conversely, the less luminous late-type dMs could be obscured by a WD with a relatively cool temperature (∼10,000K). Figure 3 shows the distribution of projected physical system separations, absolute height above the Galactic plane, and distance to the S82 WD+dM sample. In every panel of Figure 3 we show the entire WD+dM sample (black open), the active (as measured by Hα emission) WD+dMs (red thatched), the flaring WD+dMs (black solid), and active flaring WD+dMs (red solid).
In the top panel of Figure 3 , we show a distribution of the logarithmic projected physical system separation. In Section 2.1 we show that these are upper limits on the projected linear separations and that the values should not be used as absolute separations but rather used to compare relative separations (very close [<0.1 au], close [0.1−1au], wide [1−100 au]). The very close bin roughly corresponds to where tidal effects are thought to dominate (Meibom & Mathieu 2005) , whereas the middle and widest bins are thought to be where the binary companion is close enough to cause disks to be shorter-lived and thus, disrupt angular momentum loss mechanisms such as accretion powered stellar winds (e.g., Matt et al. 2012 ) and magnetic disk locking (e.g., Shu et al. 1994 ).
The lower left panel of Figure 3 shows distances calculated using spectroscopic parallax relations derived from . While photometric parallax relations are more reliable for dMs, the flux contamination from the WD makes these relations unreliable for our dMs. We estimate the spectroscopic parallax relations have ∼20% precision ). In the lower right panel, we present the absolute height above the Galactic plane, which has been shown to be a proxy for stellar age (West et al. 2004 (West et al. , 2008 . In general, stars that orbit farther from the Galactic plane are older, as they have had more time to be dynamically heated. The entire WD+dM S82 sample (black open line), as well as the eight flaring stars (solid black lines), show a relatively even spread in distance and the absolute Galactic height above the plane, indicating no obvious age biases. Table 1 lists the flaring WD+dMs . We list the SDSS identifier, dM spectral type, Hα EW, activity state, physical projected separation, distance, absolute height above the galactic plane, the change in the u-band magnitude during a flare (∆u flare ), and the flare luminosity in the u-band (L u,Flare ). Using the spectroscopic parallax distances, we estimate L u,Flare from the luminosity of the WD+dM system in quiescence subtracted from the luminosity of the WD+dM system in a flaring state. For the quiescent luminosity we use the quiescent, sigma-clipped mean from the light curve as discussed in Section 3.
We consider the possibility of an interloping foreground or background dM, undergoing a flare, that could be contaminating our flaring close WD+dM sample. We investigate this The separations were calculated using the dM and WD RVs after being corrected for system RVs. We assumed that the measured absolute RVs of each component were the orbital velocities as well as assuming edge-on, circular Keplarian orbits. See Section 4 for more details. 3 Distances were calculated using a spectroscopic parallax relation derived from data found in . The expected uncertainty in these calculations is 20% 4 Galactic height above the plane is calculated using Eq. 9 in Morgan et al. (2012) 5 Flare luminosities are calculated by subtracting the quiescent luminosity from luminosity of the system while in a flaring state. We used the distances found in this table to estimate luminosities.
possibility by empirically calculating the chance for a foreground or background dM to be within 1.5 of each of our eight flaring stars. This is done by counting the number of objects from the SDSS DR12 photometric database that have similar colors to dMs, within a 1x1 square degree field of view centered on each of our targets. For the colors, we require r − i ≥ 0.3 and i − z ≥ 0.2, with r < 22, i < 22, z < 21.2, as well as requiring r > 16 to rule out any M giants. These color cuts include objects that are slightly bluer than most dMs and are likely to include a small portion of galaxies, leading to overestimated stellar counts. Given the stellar counts in each 1x1 square degree field, we calculate the number of objects to fall within 1.5 of our target using the following equation: number = π × (1.5 ) 2 × counts/degree 2 * (1 degree/3600 ) 2 . For each of our flaring WD+dM pairs, the highest probability that there would be a foreground dM within 1.5" was 0.5% (with the mean probability being ∼0.1%). Thus, we do not expect any of our flaring WD+dM pairs to be due to a foreground flaring dM.
One physical process that could affect the statistics of this sample of WD+dMs is any potential mass transfer onto the dM during the common-envelope phase, thereby altering the dM natal mass and adding uncertainty to our spectral type classifications. Not much is known about common-envelope phase as the time-scale is very short (on the order of tens of years), making this stellar evolution process difficult to observe in order to place empirical constraints (e.g., Ivanova et al. 2013 ). However, models have shown that while the companion star is engulfed by the common-envelope, unless it is a degenerate star, it is unlikely to accrue any mass from the surrounding envelope (Ivanova et al. 2013; Webbink 1988; Hjellming & Taam 1991) . Thus, we expect our spectral type classifications to be representative of the dM mass. In addition, we do not see any evidence that these binaries are near-contact and experiencing ongoing mass-accretion. Only two stars show Hα emission and there is no evidence for any broadening due to mass-accretion (see Figure 6 ).
In addition, one potential source of selection bias in our sample is the flux boosting provided by the WD, specifically in the u-band. Without the presence of the companion WD, the dM may never have been included in the sample (u < 22.0). Thus, we are effectively probing a larger volume than in the K09 study. This, however, should bias our sample towards older, and more inactive systems, which are less likely to flare (given that we are looking out of the Southern Galactic plane). If flare rates correlate with age (e.g., K09), as does magnetic activity (West et al. 2008 ), then our derived WD+dM flare rate would be underestimated. Our systems show no obvious age bias in distance or height above the Galactic plane (panels b and c in Figure 3 ), so we expect this effect to be minimal.
RESULTS AND DISCUSSION
With only eight WD+dM flaring systems (nine total flares), a robust comparison between the field and binary populations is difficult. However, this small sample can still provide insights on how close binarity affects dM flaring behavior. Figure 4 shows the fraction of flaring epochs as a function of dM spectral type for field dMs (open black squares), active field dMs (open red squares), WD+dMs (black filled circles), and active WD+dMs (red filled circles). The data presented for field dMs is from Figure 9 of K09. In Figure 4 , we see a trend of increasing flaring fraction for the field dMs as a function of later spectral types, as we would expect given prior dM activity studies (e.g., West et al. 2011 ); late-type dMs are more likely to be active than early-type dMs. In addition, the presence of Hα emission, or activity, is well known to correlate with flares on dMs. Then, it is not surprising that active dMs show a higher flaring fraction than the full dM sample (both active and inactive).
Early-type WD+dMs (M0-M1) flare 220 times more frequently than the field dM population and the active WD+dMs flare 15 times more frequently than the active field population. These increases in flaring fractions are statistically significant at the 1.5-sigma level. At the mid spectral type bin (M2-M3), the WD+dM pairs flare 6.5 times more frequently than the field dM sample, significant again at 1.5-sigma level. While the active WD+dMs and the active field dMs flare at approximately the same frequency, to within the binomial errors. For the late-type stars (M4-M6), we see a different trend, the WD+dMs are flaring 50% as frequently as the entire dM sample and only 8% as frequently as the active field dMs, at the 2-sigma and 3.8-sigma levels, respectively.
M0-M1
M2-M3 M4-M6 Spectral Type ) ; error bars are calculated using the binomial distribution. For early (M0-M1) and mid-type (M2-M3) spectral types, the WD+dM pairs flare more frequently than the field dMs, while late-type WD+dMs flare at a similar rate (to within the errors) than the field dMs. Only two of the eight WD+dMs are observed to be active, one in the mid-type spectral type bin and one in the late spectral type bin. We hesitate to make a comparison between the active dM and WD+dM flaring fraction due to having only one active WD+dM in each of the M2-M3 and M4-M6 spectral type bins.
Our results indicate that close companions likely do affect the flaring rates of early-type dMs. Similarly, in Morgan et al. (2012) , the WD+dM activity fractions were enhanced above the field dM population at early spectral types and then decreased to comparable activity fractions in later spectraltypes. The activity enhancement seen in the WD+dM pairs was attributed to the close binary quenching angular momentum loss-mechanisms, primarily through shortened disk lifetimes, causing the dMs to rotate faster than field dMs of similar ages (and masses). This is corroborated in our current study by Figure 5 , which shows a histogram of the system separations of the flaring WD+dM pairs. In general, all of the pairs are relatively close (<1 au). Some of these systems are in a regime where tidal effects likely play a role in impeding stellar spin down and are rotating faster than field dwarfs of similar ages and masses. Interestingly, the only two active systems also have two of the closest separations. As mentioned in Section 4, the exact binary separations have large uncertainties and should only be taken as rough relative guides for the binary separations.
We are not confident in making any spectral-type-activity dependent statistical comparisons to the K09 flaring sample because only two of our eight WD+dM flaring stars are active (Hα is present in emission). However, only 8% of the field dM flaring sample showed evidence for inactivity (no Hα in emission) while we report 75 +9 −19 % of our sample as inactive (shown in Figure 6 ). Magnetically inactive stars have been shown to flare in the past, albeit at lower rates than active stars. Our sample of mostly inactive flaring systems is puzzling. We perform a simple statistical test to determine whether or not this trend could be due to the small number statistics associated with our sample. Assuming that 8% of all flaring dMs are inactive, as reported by K09, we use a binomial probability distribution to determine the likelihood that we pull six inactive stars out of eight draws and find the probability of this outcome to be 2.3%. Thus, with 97.7% certainty (>2σ), 
Effect on the Galactic transient background
Quantifying dM flare rates is important for transient Galactic and extragalactic studies because it places empirical constraints on the noise in the Galactic transient background, which is mostly due to stellar flares (e.g., Becker et al. 2004; Rykoff et al. 2005; Kulkarni & Rau 2006; Rau et al. 2008; Berger et al. 2013) . The dM flare rate will also change depending on the Galactic sight line; closer to the Galactic plane will have a higher flare rate than will farther above the Galactic plane (K09). Precise metrics of flare rates around dMs, such as FFDs, require costly short-cadence and long-time observational programs. We use the coarse time-series data from the SDSS Stripe 82 to estimate Galactic flare rates for close WD+dM pairs as was done for field dMs in K09. Due to the sparseness of the SDSS Stripe 82 data, we have no information on the duration of the flares. Therefore, our following discussions of flare rates refer to the likelihood of seeing the stars in a flaring state, rather than the number of flares observed over time. As such, our flare rates are analogous to those reported in Kowalski et al. (2009) in which they are estimates for the lower-limit of the flaring rate.
In the S82 field dM study, the lower-limit of the Galactic flare rate was estimated to be 1.3 flares hr −1 deg −2 (for flares ∆u ≥ 0.7 and u < 22). The estimate was made by taking the total number of dM flares found (271; K09), dividing the observing time, ∼50 epochs on average per star (54.1s per exposure), and dividing by the area sampled by the S82 survey (271.9 deg 2 ). The reported field dM flare rate is averaged over the entire S82 footprint and will likely vary depending on the Galactic sight line; K09 estimate rates as high as 8 flares hr
−2 for the most crowded low-latitude sight lines. Using a similar procedure to K09, we calculate an estimate for the lower-limit of flare rates for the close WD+dMs in our sample. Using our 9 flares, with an average of 50 exposures per star, and 271.9 deg 2 , we report an estimated lower-limit flaring rate of 0.04 flares hr −1 deg −2 (for flares ∆u ≥ 0.7 and u < 22). This results in only a 3% contribution to the estimated flare rate of field dMs. Our results show that individual, early-to-mid spectral type WD+dM pairs are more likely to flare than field dMs, however, they are simply not as numerous as field dMs to significantly contribute to total number of Galactic dM stellar flares. We conclude from this study that the WD+dM flare rates are a negligible contribution to the Galactic transient background in relation to field dMs. However, WD+dMs can be used as a proxy for close binaries, in general.
We use WD+dMs in this study, as well as in Morgan et al. (2012) , to build a large statistical sample of dMs with close, unresolved binary companions. We expect that most non-WD close companions to dMs will cause similar activity enhancements, as these seen with close WD companions (Morgan et al. 2012) . Realistically, the activity enhancement will likely depend strongly on the separation of the system and the mass of the companion to the dM, a relationship that is largely unconstrained and difficult to determine empirically. Recent studies show possible increases in dM X-ray activity (a proxy for magnetic activity) due to a closely orbiting giant planet (e.g., Poppenhaeger & Schmitt 2011; Poppenhaeger 2011; Poppenhaeger & Wolk 2014 ), so we suspect that this activity enhancement can extend to very lower-mass companions (i.e. the planet regime). From new high-resolution optical studies using adaptive optics imaging (AO), Ward-Duong et al. (2015) find that 21±3% of dMs have a close, low-mass companion (≤ 0.30 M ) within a 1−100 au projected physical separation. This is corroborated by prior studies that found similar multiplicity fractions for close binary separations among dMs (e.g., Fischer & Marcy 1992; Janson et al. 2012 Janson et al. , 2014 . The previously quoted multiplicity fraction is likely an underestimate due the studies being insensitive to extremely close binary systems (<1 au) and ignoring dMs with higher-mass main sequence companions (progenitors to WD+dM systems).
If we assume that ∼20% of dMs have a low-to-equal mass close binary companion (e.g. Fischer & Marcy 1992; Janson et al. 2012 Janson et al. , 2014 Ward-Duong et al. 2015) , most of which go unnoticed and cause enhancements in magnetic activity, then, multiplicity has important implications for the dM flare rate. Additionally, the field dM flare rate reported by K09 may actually be the total dM system flare rate. That is to say, the flare rate reported by K09 is the single + close binary dM flare rate since identifying close binaries from SDSS photometry is extremely difficult. As such, using our measured flare rate of WD+dMs as a proxy for the close binary flare rate, we can perform a quick calculation to estimate the single dM flare rate:
where:
-FR total,norm = (2.7 ± 0.2)×10 −5 flares deg −2 hr −1 system −1 . This is the total flare rate that includes both field dMs and dMs with unseen close binary companions (not only just WD companions). FR total,norm is derived from FR total = 1.3 flares deg −2 hr −1 (reported by K09), normalized by the number of stars searched over in the K09 study (50130). We use poisson statistics to estimate the uncertainties in the normalized flare rate.
-FR binary,norm = (2.4 ± 0.8)×10
−4 flares deg −2 hr
This value is derived from FR W D+dM = 0.04 flares deg −2 hr −1 , which is the flare rate for WD+dMs . By normalizing FR W D+dM by the total number of WD+dM searched over in our study (181), this value now becomes FR binary,norm , an estimate for the flare rate for all dMs with close binary companions, not only dMs with close WD companions. Again, we use poisson statistics to estimate the uncertainties. -FR single,norm is the single field dM flare rate. -N total is the total number of systems including field dMs and dMs with close companions. -N binary is the number of dMs with an unseen, close binary companion. Following Ward-Duong et al. (2015), we assume N binary = (0.2 ± 0.03)× N total . -N single is the number of single, field dMs. We set N single = (0.8 ± 0.03) × N total , adopting the same 3% uncertainty as the binary fraction. We assume, as mentioned above that 80% of the dMs found in SDSS Stripe 82 are field dMs, while the other 20±3% have unseen, close low-mass companions as predicted by Ward-Duong et al. (2015) .
Using the above normalized flare rates we calculate a FR single,norm = (−2.7 ± 2.0)×10 −5 flares deg −2 hr −1 star −1 , which is consistent with a flare rate of zero (at the 1.35-sigma level).
Unexpectedly, our simple estimation returns a negative flare rate for single dMs. At face value, our results indicate that flare rates around dMs with close binary companions dominate the field dM flare rates. A FR single,norm ≤ 0 is not realistic, as we know from numerous studies that isolated, young, active dMs flare often (e.g., Lacy et al. 1976; Hilton 2011; Hawley et al. 2014) , while older, inactive dMs flare much less often (Hilton 2011; Hawley et al. 2014) . Both K09 and this study utilize SDSS S82, which look away from the plane of the Galaxy towards the Southern Galactic Cap and will be biased towards older, most distant systems. We know from other studies that magnetic activity is short-lived in early-type dMs (∼1 Gyr for M0-M2 and ∼2−4 Gyr for M3-M4; West et al. 2008) and that the K09 study could contain largely inactive and older, early-type dMs (<M3). In this scenario, the flares being reported in the early-type dMs from K09, and other similar studies Hilton (2011) , may be dominated by the early-type dMs with unseen close companions. This may be one explanation for why we conclude that close binaries dominate the total dM flare rate reported by K09.
Unfortunately, our above analysis depends on the following poorly constrained parameters: 1) the close binarity fraction of dMs (limited to separations >1 au), 2) the efficiency of activity enhancement in dMs due to a close companion (assumed here as 100%); and 3) the close binary flare rate. To return to a realistic, positive single dM flare rate, we can use the results presented here to constrain the upper limits of the close binarity fraction (N binary ) and the close binary flare rate (FR binary,norm system −1 . This corresponds to only a 54% reduction in either parameter, which is reasonable due to N binary being an upper-limit and assuming 100% efficiency of a close companion within 1−100 au in enhancing dM magnetic activity and flare rates. This efficiency is still poorly constrained and is likely much less than 100% as it depends on both the mass of the companion and separation. Similarly, a 54% reduction in FR binary,norm is within reason considering our total WD+dM flaring fractions have a 33% uncertainty (0.09±0.03%).
Effect on the Habitability of Alien Worlds
Since the launching of the Kepler spacecraft, almost two thousand exoplanets have been confirmed, with thousands more planet candidates identified (exoplanets.eu; NASA Exoplanet Archive). Despite this large sample, only a handful of exoplanets have been found in relatively close binary systems, most notably the circumbinary (orbiting both stars) planets Kepler-16b (Doyle et al. 2011 ), Kepler-34 & 35 (Welsh et al. 2012 , Kepler-38b (Orosz et al. 2012b) , and Kepler-47 (hosting two exoplanets, Orosz et al. 2012a) . What factors control the true habitability of exoplanets around other stars is still a topic of ongoing research. Even less is known about the potential for habitable planets in binary star systems, circumbinary or otherwise. Our study informs one aspect of habitability, namely, irradiation of exoplanet atmospheres by energetic events such as flares. Our data suggest that, at the very least, early-type (M0-M1) and mid-type (M2-M3) dMs in close binary systems flare ∼220 and ∼6 times more frequently, respectively, than their their field dM counterparts.
In addition to the flaring frequency, another important factor in understanding how exoplanet atmospheres might be affected by stellar flares is the energy that is released during a flare event. We list the estimated luminosities (log(L u,flare ) [erg s
−1 ]) of the flares in our sample in Table 1 . We compare our log(L u,flare ) values to these of (K09; Figure 11 There is some evidence for systematically higher energies in early-and midtype WD+dMs , but, from these data alone we do not that conclude WD+dMs on average produce higher luminosity flares. -M1, 28.5-30.5 in M2-M3, and 28-30.5 M4-M6 . While the WD+dM sample is sparse, we can already see that when binned by spectral type, the flare luminosities fall within the energies spanned by the field dM sample, with one exception in the late-type bin. Clearly, a larger sample size is needed for a more robust comparison, but preliminary evidence suggests that mid-to-late spectral type dMs in close binary systems may have systematically higher flaring luminosities. Again, more data are necessary to determine the underlying WD+dM flaring luminosity distribution.
Our results show early-to-mid spectral type dMs with close binary companions flare as much as a few hundred times more frequently than field dMs, albeit at slightly higher or similar energies. With enhanced flares, planets will be exposed to higher-levels of X-ray and extreme ultraviolet (EUV) radiation (XUV), which can greatly affect the composition, size, and even presence of a planetary atmosphere. XUV radiation can heat and ionize the upper atmosphere of a planet, leading to atmospheric evaporation from the atmospheric ions being picked up and carried away by stellar wind plasmas . If any EUV flux reaches the planetary surface then it can also damage or destroy DNA (Scalo et al. 2007 ). In addition to the XUV radiation, we expect coronal mass ejections (CMEs) to accompany the largest flares, analogous to what is seen in the Sun (e.g., Aarnio et al. 2011) . Energetic particles from CMEs can compress the magnetosphere, exposing more of the neutral atmosphere which can then be ionized and carried away by incident plasma from the CME. The compression of the magnetosphere by the CME will also allow more UV photons to penetrate deeper into the atmosphere and possibly reach the planetary surface (e.g., Khodachenko et al. 2007 ). Lammer et al. (2007) predicts that any Earth-like planet in the HZ of an dM (between 0.05-0.20 au) would lose much of its atmosphere when exposed to XUV flux values 70-100 times to that of the present values at Earth. If the planet did not possess a strong magnetic moment, as suggested for tidally locked planets at distances < 0.20 au (Grießmeier et al. 2004 (Grießmeier et al. , 2005 (Grießmeier et al. , 2009 , XUV fluxes ≤ 50 times that found at Earth would result in the complete loss of the atmosphere within 1 Gyr. The quiescent XUV flux for a dM HZ planet is likely an order of magnitude less than that at Earth, but the flux will increase to 10-100 times that at Earth during dM flares (Scalo et al. 2007 ).
On the other hand, studies have shown that stellar flares do not pose a threat for habitability for Earth-like planets in the HZ around even the most active flaring dM known (AD Leo; Segura et al. 2010) . Much of the damaging EUV flux goes towards photolyzing the ozone layer and never reaches the surface. The corresponding temperature variations in the ozone layer are expected to be small and should have a negligible effect on the surface temperatures of the planet (Segura et al. 2010 ). However, Segura et al. (2010) posits that if the flares occur more frequently than it takes the atmosphere to equilibrate (∼4 months in their simulation), then more lifedamaging UV radiation will be able to reach the planetary surface.
With our reported enhanced flare rates in M dwarfs with close companions, along with reported enhanced activity lifetimes among close binaries (Morgan et al. 2012) , the high XUV-radiation environments around dMs is certainly higher, and sustained for longer, than seen around field dMs. This enhancement may have an effect on the habitability of attending exoplanets. Whether or not the XUV fluxes reach levels (70-100 times that seen at Earth; Lammer et al. 2007 ) required to catastrophically disrupt atmospheres of planets in the HZ, requires a more detailed analysis. In addition, our analysis cannot determine whether or not the frequency of flares is high enough to keep a planetary atmosphere out of equilibrium long enough for EUV radiation to reach the planetary surface. Determining the true habitability of exoplanets around dMs is a complex problem that depends on more than just the high-radiation environment imposed by stellar flares. However, more frequent flares in dMs in close binaries certainly may hurt the formation of life, at least, as we know it on Earth.
SUMMARY
Using time-domain data from the Stripe 82 Survey in SDSS, we search for flares around close WD+dM binary pairs. We find nine total flares in eight systems, two of which are magnetically active (as measured by Hα emission). We compare these results to the field dM study by K09, in which 271 flares were seen in 236 dM stars. 99 of the field stars had spectroscopic follow-up, with 91 of them identified as magnetically active. For the WD+dM pairs, this corresponds to a flaring frequency of 0.09±0.03% (all) and 0.05±0.03% (active) and for the dMs a flaring frequency of 0.0108±0.0007% (all) and 0.28±0.05% (active).
We present preliminary evidence showing that early-type WD+dM pairs (M0-M1) flare ∼220 times more frequently then field early-type dMs, and ∼15 times more frequently when considering only the active early-type WD+dMs and field dMs. Mid-type WD+dMs (M2-M3) flare 6.5 times more frequently than mid-type field dMs, but the active mid-type WD+dMs appear to flare at approximately the same frequency as the active mid-type field dMs, to within the binomial errors. However, at late spectral types (M4-M6), the WD+dM pairs flare 50% as frequently as the field dMs and the active WD+dM pairs flare only 8% as frequently as the active, latetype field dMs. This discrepancy may be attributed to the small size of our sample or the difficulty in finding the intrinsically faint late-type dMs with close WD companions. Perhaps most interesting, is that only two of the eights stars in our sample were shown to be magnetically active compared to 91 of 99 stars in the field dM sample. Assuming that 8% of flaring stars are inactive (K09), there is a 2.3% probability that we pull 6 inactive stars from 8 draws. Therefore, we suspect the relatively high number of inactive stars in our flaring sample is due to physical mechanisms involving a close binary companion, rather than small number statistics.
M dwarf flares are one of the main contributors to the Galactic and extragalactic transient background. We considered the contribution to this background by flaring WD+dM pairs and found that the contribution is likely negligible. The average Galactic flare rate was estimated by K09 to be 1.3 flares hr −1 deg −2 while we estimate a lower-limit for the WD+dM flare rate to be 0.04 flares hr −1 deg −2 (both for flares ∆u ≥ 0.7 and u < 22), only 3% of the flares contributed by field dMs. We re-iterate that since the Stripe 82 dataset is not sensitive to flare duration, we are reporting the likelihood of seeing the WD+dM pairs in a flaring state, rather than a true flare rate.
However, we can use the WD+dMs in this study as proxies for dMs with any close companions, not just WDs. We estimate a flare rate for dMs with close companions by normalizing the WD+dM flare rate by the number of WD+dMs searched in this study (181). The flare rate for dMs with close companions is then (2.4 ± 0.8)×10
−4 flares deg −2 hr −1 system −1 compared to the field dM study flare rate of (2.7 ± 0.2)×10 −5 flares deg −2 hr −1 system −1 , after a similar normalization (50130 dMs). M dwarfs with close companions flare 6.5 times more frequently than fields dMs.
Previous studies estimate that dM multiplicity at close separations (1−100 au) may be as high as 20% (e.g., Janson et al. 2012 Janson et al. , 2014 Ward-Duong et al. 2015) . Many of these companions are expected to be low-to-equal mass and the close binary system would masquerade as single dMs. Realizing that K09 reported single dM flare rate would also include dMs with unresolved close binary companions, we derive a single dM flare rate using our WD+dM binary flare rate as a proxy. We find that dMs with close binary companions likely dominate the measured flare rate. In the context of SDSS, this makes some sense because the field dM sample is biased towards older, farther away systems, stars on which we would not expect to see many flares. There could be a subset of dMs with close companions, causing them to remain active and flare more often than usual. We hope our results motivate future studies to investigate flare rates for both single and close binary dMs.
Our results also inform the true habitability of attending circumbinary planets. We show that early-type dMs with close companions are ∼200 times more likely to flare at energies similar, or slightly more energetic than observed in field dMs. While late-type dMs with close companions show similar flaring fractions and flaring energies as the field dM population. Given our results, we expect the XUV radiation environments to be higher than seen in field dMs, whether or not the XUV radiation reaches high-enough levels to cause significant atmospheric evaporation remains to be seen. In addition, despite the increase in flare frequency, we do not expect these frequencies to reach the levels of some of the most active stars observed like AD Leo (Segura et al. 2010) , which studies predict should have no impact on the habitability of an Earthlike planet. We conclude that our reported increase in flares makes the habitability of any attending circumbinary planets less promising than in field dM systems.
One of the consequences of this study is the realization that previously reported single dM flare rates likely include dMs with undetected low-mass companions. These low-mass companions are likely altering the activity history and allowing dMs to remain active for longer and thus, flare at rates higher than what is expected from the field population. We have motivated the need to independently constrain flare rates around field dM and dMs with close binary companions. As a part of these future studies, the following parameters will need to be better constrained:
1. The close binary fraction of dMs. There are many studies examining the binarity of dMs as a function of separation (e.g., Fischer & Marcy 1992; Janson et al. 2012 Janson et al. , 2014 Ward-Duong et al. 2015) . Unfortunately, many of these studies are limited to separations >1 au projected linear physical separation. One potential solution for probing the closest separations (<1 au) is to conduct a high resolution spectroscopic radial velocity survey of nearby, bright dMs where orbital motions can be detected in spectral features.
2. Flare rates for close binaries remains poorly constrained as our sample size is small and not representative of the population of dMs with close binary companions.
3. The physical conditions that give rise to activity enhancement, i.e. the prevention of stellar spin down in the dM, across binary companion mass and system separation is not well constrained. Empirical evidence suggests that dM activity enhancement occurs with a ∼0.6 M companion as far out as 1−100 au (Morgan et al. 2012 ) and a > 1M Jup planet within separations of ∼0.03 au (e.g., Poppenhaeger & Wolk 2014) . The parameter space of how companion mass and physical separation affects the activity enhancement in dMs remains incomplete.
Our study addresses the importance of multiplicity (specifically at close separations <1 au) in understanding magnetic activity and flaring properties in dMs. Current and future time-domain surveys are ideal laboratories to overcome many of the limitations addressed above. The WD+dM flare rate can be better constrained using nearly all-sky surveys like Lincoln Near-Earth Asteroid Research (Linear; Stokes et al. 1998) and Catalina Real-Time Survey (CRTS; Drake et al. 2009 ) that offer hundreds of epochs, albeit without spectral filters. As such, these surveys will offer excellent timecoverage of flaring events, yet, will require overlapping surveys with color-information (such as SDSS) to construct samples of dMs and WD+dMs with which to compare flare rates self-similarly. Taking advantage of the high-cadence coverage of Kepler, we can learn more about the differences in the flare frequency distribution between field dMs and WD+dM. Pan-STARRS and LSST will offer nearly full sky-coverage across many filters, allowing for the construction of large statistical samples of field dMs and WD+dM, which can be used to constrain flare rates and flare energies.
